This study examined the effects of shade provision on some physiological parameters and draft performance of pack donkeys (Equinus asinus) during the packing period of the hot-dry season. Ten donkeys provided with shelter in the form of an open-sided shade after packing work served as the experimental animals. Another ten donkeys not provided with shade served as the control. Rectal temperature (RT, °C), heart rate (HR, beats per minute) and respiratory rate (RR, breaths per minute) recorded pre-and post-packing indicated that unshaded donkeys had significantly (P<0.05) higher values than shaded donkeys pre-and post-packing. The frequency of lying bouts per unshaded donkey was higher in the (P<0.05) pre-and post-packing periods; while the time spent by the donkeys lying down was lower (P<0.01) in unshaded donkeys than the shaded donkeys, apparently due to the high (53.5 ± 0.1-55.2 ± 0.3°C) soil temperature. The percent change in RT, HR, RR and liveweight loss values was higher (P<0.05) in unshaded donkeys. The change rate in behavioral values, except for the frequency of lying down and the donkeys speed, was not different (P>0.05) between the shaded and unshaded donkeys. The pack load and the distance covered by the donkeys in both groups were not significantly (P>0.05) different. The speed of shaded donkeys was significantly (P<0.05) faster than that of the unshaded donkeys during packing. Packing increased (P<0.05) the time spent by the donkeys in eating and drinking in both groups. In conclusion, the provision of shade during the hot-dry season alleviates work and heat stress and enhances work productivity in pack donkeys.
Donkeys (Equinus asinus) are hardy, docile, and intelligent and easily trained draft animals used for farm operations and domestic work in many rural smallholder communities all over the world, especially in the tropics. They are used mainly as pack animals for short and long distant transportation of agricultural goods, water and firewood [9] . Donkeys are more economical for short distant transportation of goods than camels or other light transport vehicles [2, 9, 13] . In some parts of the world, they are slaughtered for their meat [1, 8, 16] . They are particularly useful in those areas with hilly and rocky terrain and in exclusively dry environments, which are inaccessible to motorized forms of transport. In spite of the great economic importance of donkeys in most countries of the world, donkeys' welfare is often neglected. Recently, the use of donkeys for packing firewood, coal and cow dung which serve as an alternative source of domestic energy has increased markedly because of the inadequate supply of energy for domestic cooking in some parts of Asia and tropical Africa. Most donkeys are reared and managed extensively. There is paucity of information on the effect of provision of shelter on the behavior, physiological parameters and draft performances of donkeys in the available literature. T h e r e i s a n ee d t o e v al u a t e d o n k e y s, r e ar e d predominantly under the traditional management system, based on their draft performance and physiological responses during the working period. Such information if available may be of value in the maintenance of healthy and productive working donkeys. Physiological parameters used in the evaluation of working ability and adaptability of draft animals include the rectal temperature (RT), heart rate (HR) and respiratory rate (RR) . Changes in behavioral activities of animals are often the main sign of distress and the first sign of disease [4] . They are important in the determination of tolerance in animals, and consequently work stress [15] .
The aim of the present study was to determine the effect of provision of shade on the draft performance and some physiological responses of pack donkeys during the hot-dry season, prevailing in the Northern Guinea Savannah zone of Nigeria.
Materials and Methods

Description of experimental site
The study was carried out in the crop-livestock small holder farming area of Salka (latitude 10 0 19' N; longitude 4 0 58' E) located in the Northern Guinea Savannah zone of Nigeria. The vegetation in the area is mainly woodland savannah. The soil is a ferruginous tropical type, developed over crystalline acid rocks. The top is slightly humic, grayish brown to yellowish red [11] .
Animals and management
A total of 20 healthy Nubian donkeys aged 6-8 years old and belonging to both sexes served as the subjects. The Nubian donkey is one of the two donkey strains that exist in Africa; the other is the Somali breed [16] . Nubian donkeys are mostly gray in color although some are brown or broken color or chestnut. A shoulder cross characterizing them, extend through the backbone to the tail root; there are no leg stripes. An adult stands about 100-115 cm high [16] . The subject donkeys had been reared under traditional extensive management and had previously been used for packing firewood for the past 2-3 years. Ten of the donkeys (5 males and 5 females) were individually provided with open-sided shelter, having a floor space of 3 × 3 m 2 and 2.5 m high, with a roof thatched with locally hand woven grass of Hyperrhenia rufa. The shelter which was pitched to the ground and not movable served as shade for the donkeys from 14pm after work, to 7am before trekking out for packing. The shaded donkeys served as the experimental animals, while the other ten (5 males and 5 females) donkeys were not provided with any form of shelter at all after work as is traditionally practiced. The unshaded donkeys served as the control. The floor of the shaded and unshaded areas was covered with bedding straw of tender Hyperrhenia rufa.
All the donkeys were fed with guinea corn stalks, groundnut hay and sorghum bran, and water was given to them ad libitum. In addition, 1 kg of whole sorghum grain was fed to each donkey per day throughout the experimental period. Two weeks prior to the commencement of the experiment, all the donkeys were dewormed with morantel tartrate (Banminth "F" Pfizer, New York, USA). During this period, they were accustomed to the experimental procedures. All the operators of the donkeys had acquired the skill of handling and loading firewood on donkeys for more than 5 years. Meteorological data including the temperature of the topsoil (ground) where the donkeys were kept during the study period were recorded using a wet-dry bulb and laboratory thermometer (Philip Harris, London, England).
Experimental design and measurements
Physiological parameters of RT, HR and RR were recorded using standard procedure [13] from all the donkeys during the experimental period. The RR was recorded before the HR and RT measurements. The pre-packing parameters were taken at 06:00 hr before feeding and watering and in the field before loading the donkeys, while the post-packing values were recorded 3 min after completion of work at 14:00 hr. During the 3 hr before the donkeys were trekked and the first 3 hr post-packing when the donkeys were resting, the behavioral responses of the animals were observed by continuous recording. The observations included the number of donkeys found standing and eating or drinking, standing idling or lying down and the time spent in lying down. The quantity of water drunk by the donkeys was also recorded. On the basis of physiological and behavioral responses, the fatigue score was calculated for the donkeys using a score scale [13] . All the donkeys were weighed once a month at 06:00 hr, using a standard weighing scale (Philips H a r r i s , E n g l a n d ) . T h e c h a n g e i n d e x o f t h e physiological parameters and behavioral responses of the donkeys were calculated by dividing pre-packing values by post-packing values and expressing the result in percent: (pre-packing/post-packing) × 100%.
All the donkeys were saddled at 07:00 hr with locally made leather saddle pack frame, checked with chopped dry grasses to provide a cushion effect on the back of the animal. The saddle was loose enough to flap on both sides of the body of each donkey. The speed with which the donkey traveled was observed by recording the time taken to cover the distance of about 19 km during the working period. The donkeys were trekked by the operators on a footpath to the bush where the firewood was loaded. On arrival the animals were allowed 30 min rest before the start of loading. The loading was done in a standing position and took about 20 min for each donkey. Fifteen to eighteen bundles of firewood, each 0.5 m in length and weighing between 90-100 kg were balanced and securely fastened on both the left and right sides to the packsaddle using a sisal rope, so as to prevent them from falling off and causing discomfort to the animal. For each packing period the donkeys received the effect of sunrays for 7 hrs, from 7am to 14pm.
Statistical Analysis
All data obtained were subjected to Student's t-test and correlation analysis. Data were expressed as mean ± standard error of the mean (Mean ± SEM). Values of P< 0.05 were considered significant. Table 1 shows the meteorological data during the study period. The minimum and maximum ambient temperatures during the early and late hot-dry season were 18.4 ± 2.6 and 38.8 ± 2.2°C, respectively with a diurnal range of 20.4°C. The mean temperatures of the unshaded and shaded ground (soil) were 53.5 ± 0.1 and 36.0 ± 0.3°C during the early hot-dry and 55.2 ± 0.3 and 36.5 ± 0.2°C during the late hot-dry season, respectively. The relative humidity during the late hotdry season was significantly (P<0.001) higher than that of the early hot-dry season, with values of 62.4 ± 8.8 and 27.4 ± 3.8%, respectively (Table 1) . Table 2 shows the liveweight change and draft performance of shaded and unshaded donkeys. The amount of food consumed by shaded donkeys did not differ (P>0.05) from that of unshaded donkey. The liveweights of the pack donkeys progressively decreased in the shaded donkeys from the pre-packing value of 183.3 ± 5.2 to 178.4 ± 5.8 kg during the first month of packing in February, and finally to 161.4 ± 6.1 kg at the end of the experimental period in May. Thus, the loss in liveweight was 11.9 ± 2.4%. In the unshaded donkeys, the liveweight decreased significantly from the pre-packing value of 195.0 ± 7.0 to 186.4 ± 5.6 kg during the first month of packing, and further progressively decreased to 158.8 ± 5.7 kg in the fourth month of the experimental period, in May ( Table 2 ). The total loss in liveweight of the unshaded donkeys was 18.6 ± 3.8%, which was significantly (p <0.05) higher than the values recorded for shaded donkey. The overall liveweight loss for both shaded and unshaded donkey was 15.3 ± 4.6%.
Results
The draft performance of all shaded and unshaded donkeys showed that they covered about 19.0 km and they all carried loads weighing about 94.0 kg. The prepacking speeds of the shaded and unshaded donkeys were 0.60 ± 0.03 m/sec and 0.55 ± 0.04 m/sec, respectively. When the donkeys were loaded the values significantly rose to 0.87 ± 0.03 and 0.65 ± 0.04 m/sec, in the shaded and unshaded donkeys, respectively. Also, the speed of the shaded donkeys was significantly (P<0.05) higher than that of the unshaded donkeys both before and during packing. In general, the overall speed of the donkeys increased significantly from 0.57 ± 0.03 to 0.76 ± 0.1 m/sec after packing (Table 2) . Table 3 shows the RT, HR and RR of shaded and unshaded donkeys. The mean RT of the donkeys in both groups at 06:00 hr was 37.8°C ± 0.2°C. The RT of shaded donkeys rose from the pre-packing value of 37.4 ± 0.2 to 39.0 ± 0.3°C post-packing, with a range of 1.6°C.
The pre-packing RT value of unshaded donkeys was 38.1 ± 0.3°C, and the value rose (P<0.001) to a postpacking value of 39.9 ± 0.1°C, with a range of 1.8°C. Similarly, the pre-packing HR values in shaded and unshaded donkeys (40.6 ± 0.5 and 45.5 ± 1.0 beats per min, respectively) were significantly lower than the corresponding post-packing values (61.8 ± 1.1 and 80.2 ± 3.0 beats per min, respectively). The pre-packing RR value in shaded and unshaded donkeys increased (P<0.05) from 23.4 ± 1.0 and 28.4 ± 0.9 breaths per min, respectively to 44.0 ± 1.1 and 57.4 ± 3.7 breaths per min, respectively, post-packing. The RT, HR and RR values of shaded donkeys were significantly (P<0.05) lower than those of unshaded donkeys both before and after packing (Table 3) . Table 4 shows the behavioral data of shaded and unshaded donkeys. The percent of the donkeys found standing, eating or drinking, standing idling, and lying down as well as the quantity of water drunk, obtained in the shaded donkeys did not differ significantly (P>0.05) from the corresponding values recorded from the unshaded donkeys, both before and after packing. However, their overall post-packing values were higher Means with different superscript letters in the same column are significantly different (P<0.05). than the pre-packing values. The frequency of lying down (4 and 6 lying bouts per donkey, pre-and postpacking, respectively) was higher (P<0.05) in unshaded donkeys than shaded (1 and 2 lying bouts per donkey, pre-and post-packing, respectively) donkeys. The time each donkey spent lying down, usually on bare ground rather than straw, was lower (P<0.01), (4 and 8 min preand post-packing, respectively) in unshaded donkeys than the shaded donkeys (20 and 40 min pre-and postpacking, respectively). Pre-packing, the donkeys drank 24.8 ± 1.1 l; but post-packing, the value increased significantly (P<0.05) to 31.9 ± 0.8. The change indices of RT, HR, RR were 4.2 ± 0.3, 52.2 ± 6.6, and 88.0 ± 14.2%, respectively, for the shaded donkeys which were lower (P<0.05) than the values of 5.7 ± 0.2, 76.3 ± 7.2 and 102.0 ± 10.4% for RT, HR and RR, respectively, calculated for unshaded donkeys. On the other hand, change indices of behavioral values with the exception of the behaviors of lying down and its frequency which were higher (P<0.05) in shaded donkeys, were not different (P>0.05) between the shaded and unshaded donkeys. During the resting period to immediately before the end of rest the change indices of RT, HR and RR were lower (P<0.05) in shaded donkeys with the values of 4.0 ± 0.1, 93.1 ± 4.7 and 144.0 ± 6.0%, respectively compared to the values of 6.4 ± 0.2, 167.0 ± 11.4 and 161.0 ± 4.4%, respectively, calculated for unshaded donkeys. Similarly, in shaded donkeys the change index of the donkeys speed of 45.0 ± 0.8% was higher (P<0.05) than the value of 18.0 ± 0.3% calculated for the unshaded donkeys. No significant differences were found between the sexes of the donkeys in all the parameters recorded during the study period.
Discussion
The meteorological data during the experimental period showed a wide diurnal variation in ambient temperature during the hot-dry season. The maximum a m b i e n t t e m p e r a t u r e v a l u e s a n d t h e t o p s o i l temperature recorded during the study period were outside the established comfort zone of 23-32°C for temperate donkeys. However the relative humidity, which ranged between 27.4-62.4%, fell within the comfort zone of 30-70% for the donkey [17] .
The significant decrease in the liveweight of the donkeys as the duration of the packing period increased, especially in the unshaded donkeys, showed that the continuous exposure of the donkeys to direct scourge of the sun during the hot-dry season in the Northern Guinea Savannah zone of Nigeria was more stressful to donkeys than when they were provided with some basic shelter in the form of thatched grass shade. The overall 15% decrease in liveweight recorded in both shaded and unshaded groups of donkeys was similar with the results of previous studies conducted on draft cattle and donkeys [5, 6, 14] . The loss in liveweight was, apparently, due to the expenditure of energy on packing and trekking both in the shaded and unshaded donkeys. The higher (P<0.05) liveweight loss in unshaded donkeys in addition was due to increased evaporation of body water as a result of the constant exposure of the donkeys to the direct effect of the heat of the sun, both during and post-packing period.
The post-packing RT values of 39.0 ± 0.3 and 39.9 ± 0.1°C obtained in the shaded and unshaded group of donkeys, respectively were significantly higher than the value of 38.0 ± 0.07°C, recorded for pack donkeys in India after working for 4 hr [13] . The post-packing RT value of 39.9 ± 0.1°C obtained in the unshaded group of donkeys was higher than the normal upper limit of 39°C for the shaded donkey. This increase was due to packing, and especially the lack of shade provision after the packing period during the hot-dry season, which induced thermal stress. In this period heat production exceeded dispersion, especially since the air, soil temperature and the relative humidity were high. The RT increases of 1.6 and 1.8°C, recorded in the shaded and unshaded donkeys, respectively, were within 1-2°C, which is the normal range of increase in RT in donkeys during draft activity [15] . This indicates that the rise in RT recorded in the donkeys, though higher than the established normal range for the donkey, was within the range of normal rise in RT in working donkeys.
The post-packing HR values obtained in the present study were markedly higher than the normal range of 38-45 beats per minute for the donkey [8] . The values did not return to the resting level 3 min post-packing as evidenced in the results obtained both from the shaded and unshaded donkeys. The 76.3 ± 5.3% increase in HR obtained from the unshaded donkeys was higher (P<0.05) than the value of 52.2 ± 7.4% recorded in shaded donkeys and also higher than 51% increase in HR recorded by Pal et al. [13] in unshaded pack donkeys that worked for 4 hr continuously. The postpacking HR increase was less than twice the pre-packing value in both shaded and unshaded donkeys. An increase in pre-packing HR of more than twice after packing has been shown to be an indicator of work stress [15] . Thus, the increase in the post-packing HR seen in the present study indicates that the packing was not stressful to the donkeys. Also, the post-packing HR in the unshaded donkey was significantly (P<0.05) higher than that measured in the shaded donkeys. This again shows that the provision of shade for the donkeys alleviated their HR response to work stress.
The post-packing RR of unshaded donkeys was significantly (P<0.05) higher than the shaded values and rose to less than twice the pre-packing value. This indicates that the donkeys were not stressed, since a rise of more than twice in the pre-packing value has been demonstrated to be stressful to donkeys [19] . The lower change index values of RT, HR, RR and liveweight loss calculated in the shaded donkeys was due to the fact that the maximum values of these parameters for shaded donkeys were maintained within the lower range for the donkeys, even after work as a result of the cooling effect of the shelter. In unshaded donkeys, the values were higher (P<0.05), apparently due to the effect of the heat of the sun. In general, using the fatigue score scale for donkeys, the donkeys scored 11 points, indicating that they were not severely fatigued, since the animal is said to be severely fatigued when the total score is 16 [13] . However, the higher values recorded from unshaded donkeys suggested that the physiological responses of the unshaded donkeys were at upper limit values, hence stressful compared to the lower values obtained in shaded donkeys. Therefore, the rises in RT, HR and RR seen in both shaded and unshaded donkeys in the present study were physiologically essential to increase the rate of metabolic processes and the supply of oxygen and nutrients to the working muscles of the donkeys during packing. The results also indicate that the donkeys had successfully adapted to the various environmental conditions prevailing in the zone, especially the unshaded donkeys.
The distance covered by the donkeys was in agreement with the finding that pack donkeys can cover 20-40 km without being stressed [18] . The overall weight of the donkeys was 189.2 ± 4.5 kg and their pack load weighed 93.9 ± 1.5 kg, which agreed with other recommendations [8, 18] that donkeys are capable of carrying pack loads of up to 100 kg or about half of their liveweights, without being subjected to severe work stress. The previous training of the pack donkeys and handling by experienced operators also facilitated the use of the animals to attain maximum draft power. The shaded donkeys with a lower initial liveweight of 183.3 ± 5.2 kg attained a higher speed than the unshaded donkey with an initial liveweight of 195.0 ± 7.0 kg (0.87 ± 0.03 and 0.65 ± 0.04 m/sec, respectively). Pearson et al. [14] obtained a walking speed of 0.8 m/sec in pack donkeys carrying loads ranging between 32-64 kg. The findings of the present study clearly indicate the positive effect of shade provision on the physiology and draft performance of pack donkeys. The fact that packing significantly (P<0.05) increased the speed of shaded and unshaded donkeys was, apparently, the result of efforts made by the animals to reach their destinations on time, and consequently to get rid of the pack loads. Generally, it has been observed that donkeys walk faster when packed than before packing [5] .
In the present study, donkeys were not fed during the packing hours in order to avoid overload of digestion, which according to Ellis [7] reduces work productivity of donkeys and may even cause disease.
The results show that shading has a significant effect on the behavioural responses of the donkeys. The overall percent frequency and time spent by the donkeys in lying down before and after packing was greater (P<0.05) in the shaded donkeys than the in unshaded donkeys. This was as a result of the direct effect of the scourge of the sun on the unshaded donkey's body and on the topsoil, in which the donkeys stood and laid. Even though bedding straw was provided, the donkeys sorted bare floor and pushed the straw away before lying down. The hot topsoil made it uncomfortable for the donkeys to lie down for a long period. As the soil temperature exceeded the donkey's body temperature, heat lost by conduction during lying down period became impaired and this was responsible for the elevated physiological parameters of the donkeys recorded in the post-packing period. No donkey in the unshaded group laid down for more than 8 min without standing. Some stood up again immediately after they had lain down, indicating the uncomfortable nature of the hot topsoil. In shaded donkeys, some lay down for a period of up to 20-40 min without standing. This finding, further confirmed the ameliorating effect of shade provision on the disturbing effect of lying behavior of the donkeys. Even though equine species spend more of their time standing [10] , lying behaviour on bedding straw has been used in cattle [19] and horses [4] as an indicator for evaluating the comfort of the environment of the animals, and consequently their health status. In the present study, the donkeys preferred lying on bare ground to bedding straw. Therefore, the type and state of the soil may be crucial in evaluating the lying behaviour of donkeys in the zone. The increase in percentage of the donkeys eating and drinking postpacking both in shaded and unshaded were not significantly (P<0.05) different. It was a compensatory response by the donkeys for the time they spent working without eating or drinking, and also to compensate for the loss of energy and water due to increased sensible perspiration during working hours in the hot-dry season, which has a relatively high ambient temperature and relative humidity.
The highest volume of water (33.0 ± 1.0 l per day) was drunk by the unshaded donkeys post-packing. The value fell within the reported normal range of 18-36 l per day for the donkey [8] . The non-significant difference (P>0.05) in change index on the behavioral activities of unshaded donkeys compared to the shaded, suggested that the unshaded donkeys were able to cope with the challenges of the effects of heat stress. However, the provision of shade significantly (P<0.05) affected the change rate in the frequency of lying down. The results of the present study, thus demonstrate that the use of donkeys during the hot-dry season for packing loads weighing about 90 kg and covering up to 20 km per day was optimal and sustainable work with little or no adverse effect of work stress on the productivity and health of the animals. Even though the majority of the physiological values recorded in shaded and unshaded donkeys were not outside the normal range recommended for working donkeys, the values recorded for the unshaded donkeys were significantly (P<0.05) higher and at the upper limit than those obtained in the shaded donkeys. This indicated that the provision of shade reduced the effect of the heat stress by maintaining the values at a lower range, hence enhanced the work productivity of the donkeys
In conclusion, pack donkeys should be managed to minimize heat production and increase work productivity during the hot-dry season, in the Northern Guinea Savannah zone of Nigeria, by provision of shade to reduce the risk of heat stress.
